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^ (57) Abstract: A process for producing a dielectric insulating thin film in which a general-purpose dielectric insulating thin film 
VO with variable dielectric constant can be produced through simple operations and in which not only precision control of film thickness 
00 but also control of composition, structure, thickness, etc. therefor can be effected. The process comprises the step (A) of achieving 
adsorption of a metal compound having a functional group capable of condensation reaction with hydroxyl and capable of generating 
hydroxyl through hydrolysis on a substrate having a hydroxylated surface or having hydroxyl incorporated in its surface; the step 
(B) of removing any excess metal compound from the substrate surface; the step (C) of hydrolyzing the metal compound to thereby 
form a metal oxide layer; and the step (D) of treating the metal oxide layer according to at least one method selected from the group 
consisting of oxygen plasma treatment, ozonization treatment, firing treatment and rapid heating oxidization treatment to thereby 
Q obtain a dielectric insulating thin film. 
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l^g»LT, 5S3HJ©7K^I9^^ W^-^Sr8^*U. $ 6> teiMfc;? is?* 

4#e>tLfe3»»JR«rBfe*^JEl . 83X104p a (183mbar), ^X-rW 

i5^miu wtfc^*i//mik , 7^*>'mmmm ((Tio 2 /La 2 o 3 )io) «rf^ 

Lfc5 0mMOv ? ;l'3^|>A^y7*a^^^K (Zr(0-'Pr) 4 ) ©^iilmM© 

mm9>#i/ (La(No 3 ) 3 6H 2 o> mtz?si'^~'?j»/mfc7^ 

f^mmmm ((ZrO 2 /La 2 O 3 )i 0 ) SrftMRLfc. 

fcl 0 0 mM<D?-# = ^ h $r f K(Ti(0-nBu)4K 1 mM<D5g^9 ^ 9 V 
(La(N0 3 ) 3 -6H 2 0) h ^^^7 *-yKE> 1 : 1 fciga* L 

fc 5 0 mM©^ ^$)Vx- h^rix K (Ta(OEt) 5 ) <Z>$g^££rfll V*-CBMbS>/V'=t = * A 
/Bfeffc 7 ^ * l//mt 9^9 Slsffimnm: ((Zr0 2 /La 2 08/ Ta 2 0 5 ) 6 ) SrflMRLfco 
_h|H^fe-C# hMz.m\L*m = * A/Kft7^^ t'MttlJt 

60 

26 



WO 2004/086486 



PCT/JP2004/004312 



[*4] 









(Ti02/La20 3 )io 


Ti:24, La:8, 0:64, C-4 


18 


(Zr02/La 2 03)io 


Zr:21, La=9, 0:63, C-7 


17 


(Ti02/La20s/Ta 2 OB)6 


Ti:i6, La:3, Ta:9,0:65, C-7 


19 



#lH«!!T*te, tetSt**&«i LTfc&Jh/rv^^y # (Si0 2 ) &fflv>-t. > 

ixy /K zkXtttfiBfc*: 1 : 8 : 4 : 0. 0 0 7 <DJt 

K©Jq*^j|?fi^Sr{EJi-f-S«JSEi: T^* = T (NH 4 ) (DO. 1 m o 1 / 

L**«Sr4ml $ bKimmmWVXisV =* h ^ V K^/V^Sl 

tSlrttSvy axis* 5 OTCT-S^Pfg^it;*^ ^V^T% 5 0t©x^y 

— mz. i#mmim^xmftv,mm<D^?>'7 f h*is K^fc&^LfcSK 5 o°c 

JS£#fl±l&i§:feg;&£r, lmg/m 1 O^y v^Ty^W^^M 
i£(PDDA) <D^m^2 0°CXl$rmmmL-X, PDDAlrtMf $*ttv 

Sr. ;fri£;A : m$HJ£ 1 . 8 3X10 *P a ( 1 8 3 mb a r K ^Xvai* 3 0 
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w^#t*ti/7Xv^4 o#mm&, Rx*j?mB ihkeei . 83x104 

Pa ( 1 8 3mb a r K -JyX^mt) 3 OW©^#T*ti^7Xv^4 0 #R0J$ 



[*5 3 





(at%) 


mm (nm) 


2f*feA 


Si:9, C:61, 0=30 


14 




Si:i8, C:36, 0:46 


12 



(i) a i&m-&mM4mm&ftmi&nm-s (mi s) ^^^>>^- 

~ *7 A ttffi SrX^S*fe <£ o XT&fo V , MlS(metal-insulator-semiconductor) 
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**^>*-fcfis«bfc 0 r^^-?Aoifii, &JRttft4feVi«#feu**ftR® 

«to-Cii:^3mm N J?^ 1 5 0 nm©7^^!>A3)?^yli«Lfc 0 
(2) &MttfcMI*fetm4>*itt*<0ft£ 

-^T^Tofco h-^/w^tf-^v^dzDtm^-mjBE^^ (<p) t&#mm 

SSSBIteSs^-C, (•) (|Z|) ©2&«Hitu (x) 

06 h z ©f&fflteasv^r* b — i/t 0 -^^^ izi ©i£$li&frj^i&#:#c#te 
£j&9 o°©il-tffTO U) #ji,e>;h,5o 

Z tt&s*; (1) KXoxm&tiZo 



Z=R,+- 



jcoC m 



(1) 



zhte-z (i) ^nt5h -r >-t 0 -^^^ zt±^ (2) <DMmmx*m 
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Z=X l +jX 2 




(2) 



<I.U (1) iRtf (2) j ttrittfcH^K <» tt3S««**«r*ft«L33* 
-To 



-e^w-rzztfcx^x^ wtteffi'nmni&ift (r-) ^trnm^ft (c m ) «r 
*s bfco us 6 b ©^Effim&^/W!: <t u */h - id <t o t tur $ tit^m^ 

c m a>e>, mMmix*mb%Ltz.wtik^9i/mmQfWkW- u) tui s*v<is9- 
mmmm (s=o.o707 cm 2) stjbv^t^ (4) ^.t^jtfim^^^^ufco 




(3) 



(4) 
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5£ (4) ^ x e t RXfi £ 0 te, ^tl^tlitmm^RTfMQvmmmX'fo&o 
(C m ), &mt&$L (RJ Mt^^Jt^m^ ( £r ) 6 i^-t-o 

(Cj, 3»3gfcL (Rm) &tfJfcf§®^ (fr) 6 {^-fo 

[^6] 





R m (Q) 


Cm (nF) 


£ r 


TiO a 


3.02 x 10 e 


94.7 


29 


Zr0 2 


3.20 x 10 7 


51.1 


15 


Ta 2 0 6 


1.30 x 10 8 


49.3 


14 



^•rtih a ld^mb e m<Dm.mm mm?. «t 9 # btifr&mmfcwmmvitmn 
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(izi) &xfim,m-nBE.tiLmm u) sr^«««fc*ru % ^nynfc 

*©>r ^tr-^>-^»*f J; 9#b^fc#m^» (Cj, 5s«Effi«: (Rm) 



C*7] 





Rm (Q) 


Cm (nF) 


£ r 


(Ti02/Ta 2 0 5 )io 


1.46 xio' 


91.6 


32 


(Ti02/La 2 0 3 )io 


2.29 x 10» 


113 


33 


(Zr0 2 /Ta20 5 )io 


1.77 x 10 9 


51.0 


18 


(Zr02/La 2 0 3 )io 


9.93 x 10 7 


77.8 


21 


(Ti0 2 /La 2 0s/ Ta 2 0 5 )6 


1.22 x 10 s 


93.2 


30 



m7 X «9(Ti02/Ta20 5 )ioS.t^(Zr02/Ta20 5 ) 1 o«x TiOz, Zr0 2 RTf Ta 2 0 B © 
t) fcffiV^JfcfMt^&^U-CV^S, (Ti0 2 /La203)io^.tJ ? (Zr02/La203)io 

itt^T*{C Ti0 2 . ZrOa&tfTaaOsffcBSteH f x Nb, Sn^t*lr»tSfc 
i fcfcJ:9,i«V^il«*©»fls*ll*^glSr#*:*#W:«>* (itllR. B.van 
Dover et al., Nature, 392, 162 (1998), H. Zhang et al., J. Appl. Phys., 87, 1921 
(2000))„ Ld*bJ&*Sfe. 2 0nmgMilW-C^ gift* 3 0 
mfrHURofll^ttJl^fcfeJ&V^ ^fc. (Ti02/La 2 0 3 )io -S:TJ«(Zr02^a 2 03)io <^ 
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Fiif^ilOb'-^^yk'-^^ (|Z|) &t5**-*£EffitHH (<p) 



C*8] 



*0<3ll$fc 


Rm (Q). 


C m (nF) 


£ r 




1.50 x 10 6 


36.7 


8.9 




3.76 x 10 7 


21.2 


5.6 



^8 £9. V^f^S^fet^aLtf^%$ i0 2 ©Pt$ (c r =3. 9) 

j&shk:****-. nsmz&^x* urn, mm octets & zmtimffi$5&tm.m 

Sliil^L, ( + ) ^TiOa. (A) ft ZvORtf (■) ft TaaOsSr^fr-eh^ 

-To torn, mm<nm&\z&ft%mtim,ffi®mbn.WF&mM&*^v, (v) » 

(Ti0 2 /Ta 2 0 5 )i<K (□) te(Ti0 2 /La20 3 )i(K (T) (*(Zr0 2 /Ta 2 0 5 )io JS:^ (■) ft 
(Ti0 2 /La 2 0 3 )io ^^tb^tL^-To (c)te. y fi/^mWSk^ -? V v K»«(*:Jft 
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A. (O) tZjjmB&^tl^timiTo ^fcs ^b©lMVcm-i©iiMl 



m ® tt: $fe ^ *S flit 


tfltf 4 l/pat/iu-pj «, \A cm fl ; 


11U2 


i c v i n-3 

X.D X XU 




o a v i n-6 




o. x x xu 


fTino/TfloOR^m 
\ X XWZ/ X a2Vo/ 10 




(Ti02/La20 3 )io 


3.3 x 10-6 


(Zr02/Ta 2 0 5 )io 


1.1 X 10-7 


(Zr02/La 2 Os)io 


3.1 x lO- 6 


(Ti02/La 2 0 3 / Ta 2 Oe)6 


4.5 x 10-' 


(Si02/PDDA)io CfrfeA) 


1.7 x 10 4 


(Si0 2 /PDDA)io B) 


5.1 x 10 6 



Ti0 2 m^BmWm<Dmtinmi-i 1 0 -3 bjz% V^S. (Ti02/La 2 0 3 )io-Cf3: io-« 
lffimi£WJ>VX^tCo £*bf3\ *^B^(DM5t^-fe^ig^T^^S (400*0 

SiOz/PDDA &A<Dmmf&ft*<S&, 2nmSS©*^ 
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yjV^l/h^-? J — ;V(D 1 : 1 H^ill^^ tfcl 0 O mM©/N7 = 
h^^h^iXK (Hf(0-nBu) 4 ) £%0g 1 fclE^O^ife HOES Id. *® 

M*BfcK*^bfc^y 3yif^3 o^c-e3^p^m»$*. 3o°c© 

3i * y -/v {<: l U T iSfc^ U © & JR T =* F & Bfc* b ^ , 

^jfi»K«r»*^***:, #fett^i^/H»J8H!: N »3fcJBE 1 . 8 3X1 CMP a 
(183mbar),t±i^3 0W©*#T?«*^Xv&4 0 #WHai* Ufcfc, £ 
^#H^,^4 0 O'C'Cl Sa-rafSM&SU Hf02^®MM (S SG 1 0) SrtfMK 

s s g i o ©^f®o^^«itg^aa®^^m^KSr^ i o n i o in 

(a) ii5SSG10^ IHnmtlot, mm^i^^—iZL^^^fiX^ 
Z>Z.k&fti>>Z> 0 4fc, IlOS (b) iDSSGlOli, J^J¥5. 7 nm©H 

f o 2 sts i m^tmm2. 9 nm©tf^iiia «9^$nrv>si 

1100 (c) iUSSGlOft, #W K^*i#©ftV>*&-*JSC* 
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*fc N s sg i ooh f o 2 nmx.xfis i o 2 * mm^mm^ 1 o fc^-r 0 



Mil HiJi^i-^br^a— "t 1 ^ ^^tsfeSrfflv^-c 2««© Hfo 2 ^ (s p-o 

HMSP-H) §rf^MUfc„ 

#12BI (a) S P-OH^fcHnm©|5ffl^EoT^$^TV^^, 

^ro^:^.^— -cfcv^ £as#a>5 0 *fc»i2g (b) <t t> . sp-oh©h 

V^5itW§ 0 ^.TcM 1 2 EI (c) £9, S P-OH«5p^Jf:i 3. 4n 
mOH fOaiiSi £*Rfc«ff 2. 4 n mtf><£ ffiJi i »H J; 9 #j& $ HTV^ 6 £ 

§^i^^ofc, *fc012EI (c) £9, SP-OH©Hf Ojlfcli^ 
gi-^Mfj^S £ s P-OHOiKtfcW K3PJ^J***Lfci 

(Hi 20 (c) O^T?H^f£§R^)o SP-OH©Hf0 2 |g©^ 

* felCS EMiiia V) ##fcS P-Htf>H f 0 2 *WI©¥*&1BIJ1ES:* IOC 



C*i o] 



Hfo 2 <Dmm 


Hf0 2 Jl / nm 


Si0 2 JP / nm 


SSG10 


5.7 


2.9 


SPOH 


13.4 


2.4 


SP-H 


14 
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(mmm 1 1 ) a i &m-u f o^mm^mmm- stit (mi s) 
mmm 9 rt$ i o-ea^ufcH f o ^m^mm^mmmt^mmm^wm 

J* niM&MQM^W; £ o L . MlS(metal-insulator-semiconductor) ^ 

i^^^T^v^^Jl:t^•c^«J¥^?^*!I^I bfctf* kfTV^tu;! J: otili 3 mm. 
ff£ 15 0 nm(DT/U^ — ^ ^«^«r^^ Ufc 0 

(inifeM i 2 ) h f o^fim^^o^m^ 
s sg i o ©ttfrii© h-^^w yif-^y^ (i zi) %LX$mffi-mm& 

(O : SSG10, A : SP-OH. □ : SP-H) te«?5fD-®H&*B^ (<i>) <D 

mM^^fi^fi^iTo 01 3 0^43 v>r, io-i~i06Hz©|ffli:, h — ^ 

m 6 mo^ffini^^-^/v^ £ x> msb-mmz. x o xn& vtcmmfcmmnm^ 

M±<DMffi\z£ !), S S G 1 0 ^m«^^^^^^S.W«^*-lr^:^U 

fc 0 mmm 9 -c^fc £ & 9 . s sg 1 o^w^j^^h fo 2 /s i o 2 mit 
m -mmxmtiz <* tix^% 0 ■^tcc m tmmm9xnhMcu t o 2 /s ioj 
itmr.mm<Dmm (d = s. 6nm) tMi s^/-*^— mmmm ( s = 0 . 
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0 7 0 7 c m 2 ) t mMM5\Z.mVfc&. (4) iUSSGlO 

s sg i o (ommw-nm-z, h f o 2 m^^^^^^^^^—t s i o z m^^ 

d dnjo 2 d SiQ 2 ( 5 ) 

5£(5)*K £ HKW&t* £ Si0 2 te. H f 0 2 SS.TJ ? S i 0 2 m<Dikffim^, d H H£02 

tcmm. rt$s i o 2 (Ditmnm(Dmwu (£Sio 2 =3. 9) &/bv^, ssgi 
0 oh f o 2 nm<Ditmmm*-&#>tco 

(cj, 3S^fet (rj &x*\zL&mn>m ( £ r ) xvh f o 2 ?tBiott^s^ ( £ 

H£02> 1 1 ^^-t" 0 

2feflfc©#L (RJ afetfKUfcM* ( £ r ) Rt5H f Oa5(IIR©JfcfS«* ( e Hf 02 ) «: 
P^feo ^m^r* 1 1 M^-To 



[in] 



Hf0 2 ©ii 


Rm/Q 


Cm/nF 


£ r 


£ HKD2 


SSG10 


1.91 x 10« 


59.7 


8.2 


19 


SP-OH 


4.59 x 10 7 


47.9 


12 


15 


SP-H 


4.13 x 10 s 


60.6 


13 





h f o 2 <Ds*ju?ft<Dmnm-z, —m^2 5 tmi?&thx^%& (mrnxm j. 

Robertson, J. Non-crystalline solid, 303, 94 (2002)) , %LWSg<DW§M^fes<sl' ? 
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(Lorentz'Local Field Theory) £ 9 £n *L X V * 5 (Kenji Natori, Appl. Phys. 
Lett., 73, 632 (1998)) 0 £<Z>^£te. ALD^MB ©Mffilfffl&t J:oX# 

in &v*mwx~&ibinizH f o 2 ^ofim^«i 9«Tt?as>5o-3h/H:*r 

IT, HSWtiJjfetj; <9 S i SfcLLKUg/fcL-fcH f O a 5*JBI©«im*W\ 1 4 (J. 
Appl. Phys., 93, 712 (2003)). 1 8 (Appl. Phys. Lett., 81, 1065 (2002)). 2 0 
(Microelectron. Eng., 69, 145 (2003)), RT$ 2 1 (J. Appl. Phys., 90, 6466 (2001)) 

(hm i 3 ) h f QzMmfcmmvmM&fe 

%M 1 4 0iC^i- o II 4 0lC*3V>T, ©ttSSGlO, AttSP-OH, 



[*12] 



HfOa 


ifftflSft^^ /A cm 2 


mmmmmm /MVcm-i 


SSG10 


4.5 x 10 9 


4.0 


SP-OH 


5.6 x 10"6 


1.8 


SPH 


2.5 x 10 2 


2.1 



SP-OHi:S P-HSrifctfc-rS 1MV c m- 1 ©OTt^tfcV^TS P- 
OH<Dj7&4ffi\Zl£/b&^Mtinffi$:mVX^Z>Z. k&frfrZ* ztittmifom l 
OXm^tcX SP-Htlt Hf 0 2 fl5:MtSii!:H 2 0 2 fS il 
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S S G 1 0 (D^l^m^te. 1 MV c m-ifDfiilmmWtfc&^X, SP-OH£<9 
(Appl. Surf. Sci., 157, 387 (2000)) o Vtctf o T. HJfe^l 9 ^.t^ 1 0 T'3£-<fc «t 

5M> ssgi 0(iSP-OHfcJt^Tt#o^f f>^v^i^/i)i^iffe 

Lfc4~10 nmJ¥^©H f 0 2 iill^t5 1 MV c m~ l <D^MmM\Z.^ 
%>mtinffi$5 L-T. 1. Oxl 0" 10 A c m _1 (J. Appl. Phys., 93, 

712 (2003)), 4.0x10-8 A cm i (Microelectron. Eng., 69, 145 (2003)), 1 . 2x1 0 
" 6 A c m _1 (Appl. Phys. Lett., 81, 2041 (2002)), 1. 5 x 1 0 ~ 4 A cm" 1 (J. 
Appl. Phys., 90, 6466 (2001)) feft-CV^S, &*B*ffflife*T?# h thZmW. 

tit^xh. ssgi ofem,mffi&W;xnt£^km£mn(D'b&t£Mfonffi&?F 

3o #1H f O z fim^J^^ 1 MV c m" 1 <D* t &&$iMl$<DWitinU&&RTJfi 

mmmnnfettm 1 3 \^-r a 



[«13] 



h f o 2 <omm 


MflMU^&/A cm 2 




SSG10 


4.5 x 10" 9 


4.0 


SPOH 


5.6 x 10-6 


1.6 


SP-H 


2.5 x 10-2 


2.1 



H f 0 2 mm<DmmffiMWLE.<D±% £W\ SSGI 0>SP-OH>SP-HO 
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*V K (XW <DT7 4l/*>'hfcmmirZ>Z.k&%}!btiT^Z> (Jpn. J. Appl. 
Phys. Part 1, 41, 5957 (2002)) o ^10 @^tl«1 1 2 HO*S*3&» G> *>£-d>3 «£ 5 
CSSGi cm^-f TO^o^v>If v^vtW^iltfeSoictL, 

mm^m^mt vxmtitctmx.t>tiz> 0 

fl«^m^^^^#T^o1i5¥^^T*^-{c^-f-§ h &X%tc 0 £*l 

1-&fc>*>, *»W©S4at*'feW:. JfeHfcft©i«*ttfl2f f ^ ^Srtft 5«» 
ailfiLT, h7^^^ (MOSFET, SWNT-FET m fc&Hr 
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RXfimtt&^'rz. b tf**n btlX^Z (ttmmteJCffi •> K. Kukli, et. al., J. Appl. 
Phys. 68, 3737 1996.) o JfcUfcft^ h n =. ^ xX.te*7 b 

#mfcffimtemm*m^x, m*t£&mit&w*mmvx, sm^—Km 
**fc&<>xMm&tiz&titcmmft&k^mn&&h^&mmkM'}-s 9 $ 
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it # <d 4& m 



1. *ffil^7Kil**^r-t-5^XH[*®K:7KiftSSr#AUfc3E*t^ x 7k^S£ 

3. MIEx@c ^tfrisxaD(7)Wfc N «rflBxmc-emfifc*tL^«fift-fb*» 
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5. Kr!BXmc£a&fBXmD©|K|fc^ it&lBXgA-C^UV'XteiififBXmE 

6. MIBXmC £MfBX@D©Mf^ t5|BXmA~CMt^^Hul2XSGS.-U? 

m<DttWIW.^fcl~4 0-efo«9^ lMVcm-i (DmW?%:FPj)U Vfc b % (DM 
^10-5 0 n mt'fcS : i ^Hf i: 1 511MWo 
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1 2 . t&iaBI«^^^EM^ 1 MV c m-i (Dtom&QM bfc 1 1 (Dltlii^ 

1 3 . mmmm^mmnm<Dmw i nm~ i » m-?%>zm&<D&m$& us 

1 4. lM^Jio^M^^Jt^a^^s^fe^^^im^^M^^ 

1 6. tfriB^m^s^^^tts^m-fb^^s i 7nm*-$&m$:<Dmmm 

1 7. gr«B«l«#:|6if*5iJ»©Ms«l«^ 1 ~ 1 0 0 -e*>5tt#©«6ffl& 1 4^ 

i s . muzmnfcmmmmz. 1 mv c m-* (ommzmn ufc £ t oi^^^a 

0-12—1 0-2Acm-2-Cfe§lt^:O|5|S^l 4«~Il 7:>S<E^T 

1 9. l»IBBI«#:iie»3|t|R©ff*35S 1 nm~l 0 /x mT*fc5»3fc©16fflf& 1 4 
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p-Si?K (0.02 Q) 



•H 2 o 2 *iaizj:y 
•HFi=«kye«tt4bfflt»* 




Xt°>zi— h(2|U) 



•10 mM Hf(O'Pr) 

M,i>/i$/-;U-1/1 f^f&tp 



i 



2 



•0 2 -77X*7 
(10 mW, 20 min) 
500°C7--;U 



Hf0 2 M(SP-OH) 



(SP-H) 
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